Citrate is among the organic anions which are expected to be present in the wastes planned for deposition in the WIPP repository. In this study, a solvent extraction method has been used to measure the stability constants of Th(IV) with citrate anions in aqueous solutions with (a) NaC10 4 and (b) NaCl as the background electrolytes. The ionic strengths were varied up to 5 m (NaCl) and 14 m (NaC10 4 ). The data from the NaC10 4 solutions at varying pH values were used to calculate thermodynamic stability constants through the use of Specific Ion Interaction Theory (SIT).
Introduction
Underground salt beds are being considered by several countries as the site for disposal of nuclear wastes. In order to assess the probability of release of the longlived actinide elements into the environment from these repositories, it is necessary to model the chemistry of actinides under conditions encountered in brine solutions. For non-vitrified wastes, the interactions of the actinides with organic compounds present from the processing systems may be significant factors in any migration process. In particular, this study is directed to providing stability constant values for Th(IV) with the residual citrate anions which may be in the nuclear wastes planned for the deposition in the WIPP repository. Such constants can allow estimates of the possible effect on the net Th(IV) solubilities.
The use of the titration method to determine such constants requires relatively high metal ion concentrations which may be prevented by hydrolytic precipitation at higher pH values. In this study, a solvent extraction method [1] [2] [3] [4] [5] with Th(IV) at tracer level was used to measure the stability constants with citrate in aqueous solutions with (a) 0.1 m to 14 m NaC10 4 and (b) 0.1 m to 5.0 m NaCl as the background electrolytes. Also, the extraction data in the NaC10 4 solutions at different pH values were used to calculate thermodynamic stability constants for formation of thorium citrates. The metal-ligand complexation reactions (charges omitted for simplicity) can be expressed as :
with the overall stability constant ß wx defined as :
This symbolism is suitable if protonated and hydrolysed species are involved as in our system. For hydrolysis, a negative q value is used to refer to the hydroxo species.
In the pcH (-log [H]) range of 1. where L is a complexing anion in the aqueous phase. This equation can be rewritten to include the stability constant of the aqueous complexes [6] :
Apparent stability constants are defined as :
Using D 0 for the distribution ratio in the absence of complexation allows revision of equation (6) in terms of the apparent stability constants :
Experimental

Reagents and solutions
Stock solutions of 1.0X10" 3 M and 1.6X10" 4 M sodium citrate (Aldrich) were prepared. TTA and DBM were purified by sublimation. Stock solutions of 0.01 M TTA and 0.1 M DBM in toluene (Fischer) were prepared and stored in the dark. All reagents were analytical grade. Sodium Perchlorate (anhydrous, Mallinckrodt) and sodium chloride (Fisher) were used without purification. All solutions used in the experiments were filtered with a 0.2 μπι microfiltration system and solution preparation was performed in a laminar flow hood (Environmental Air Control Inc.) to minimize sorption of Th(IV) by suspended particles in solution.
230 Th tracer (from Oak Ridge National Laboratory) was prepared in a solution of pHm 2 (HC10 4 ) such that 10 μΐ of the solution gives ca. 16000 cpm. The 230 Th tracer was checked for radioactive purity by alpha and gamma spectrometry.
Experimental procedure
Potentiometrie titrations
The dissociation constants of citric acid, ρK a values, were determined at different ionic strengths of NaC10 4 and NaCl solutions by Potentiometrie titration. A 665 Dosimat (Metrohm) buret was used to conduct the Potentiometrie titrations in a 30 ml jacketed cell controlled to 25.0±0.1°C by water flow from an Isotemp bath. Nitrogen gas was bubbled through the titrand solution to remove the dissolved carbon dioxide. An initial volume, 10 ml for NaC10 4 and 15 ml for NaCl, of 1 mM citric acid was titrated with a standardized solution of 0.03 M NaOH (in NaC10 4 or NaCl of the same ionic strength). Variable amounts of titrant were added, to produce a constant change of 0.03-0.05 in pH after each addition of titrant. A differential graphical technique [7] was used to analyze the titration data in which, a plot of (dn/dln[H + ]) X C L versus pcH allows evaluation of the ρK" and the acid constants, where η is the ratio of the concentration of proton bounded to ligand and the total concentration of ligand, C L .
An Accumet 950 (Fisher Scientific) pH meter was used with a combination of glass electrodes (Corning Semi-Micro Combination) to measure the change in pH. The KCl solution in the salt bridge of the electrode was replaced with saturated NaCl solution, as the low solubility of KC10 4 in high ionic strengths of Perchlorate solution causes erratic reading. The electrode was 
where a and b are constants for a certain ionic strength electrolyte.
Extraction procedure
For each extraction experiment, 5.00 ml of aqueous solution adjusted to the appropriate pcH were placed in vials, which had been silanized as described earlier [3] . 10 to 60 μΐ aliquots of 1.6X10" 4 M citric acid stock solution were added to each vial followed by 5.00 ml of TTA or DBM in toluene. The concentration of the organic extradant was adjusted according to the ionic strength and pH of the solution so that D fell between 0.1 and 10. After addition of 10 μΐ of 230 Th tracer, the vials were shaken for 2-3 hours at room temperature (25±0.1°C). Kinetic studies confirmed that the extraction equilibrium was attained in about 10 minutes. The vials were centrifuged and duplicate aliquots of 0.5 ml were taken from both phases to measure the alpha activity. A Packard Instrument TriCarb 4000 (Hewlett Packard Instruments) Liquid Scintilation Counter was used to count the activity in Ecolume (40%) cocktail (ICN Biomedicals Co.). The remaining aqueous phase was used for pH measurement. Experiments on log D at (a) variable pcH, constant [TTA] and (b) constant pcH, variable [TTA] had slopes given in Table 1 .
Results and discussion
Dissociation constants of citric acid
The dissociation constants of citric acid in different ionic strengths of NaC10 4 and NaCl (in molality, m) solutions are given in Table 2 . The ρK a values at low ionic strengths are reported in the literature [8] . Our values are in agreement with these data.
The glass electrode calibration coefficient, b and K w , in both electrolytes at different ionic strengths can be simultaneously measured with the dissociation constants from the (dn/dln [H + ]) X C L plots (Figure 1 ). The results are listed in Table 2 . The citric acid values were used in the calculation of free citrate anion. with Ζ being the charge on the designated species and ε its interaction coefficient. Stability constants were calculated by fitting the apparent stability constants with SIT. Equations (7) and (8) which give the relationship between the apparent stability constants and the stability constants, ß wl , ßuu β un, β\ ni along with equation (10), were used to write a fitting program with least squares regression and optimization with Quatro Pro for windows. The values of the SIT parameters are given in Table 4 . Representative fits of log /?, are shown in Figure 4 .
The β\ο2 values are not listed since including this species did not alter the fits appreciably. Consequently, this species was not included in the fitting calculations. Similar fitting for the NaCl data was not attempted due to the paucity of the data. Although, analyses at higher ionic strengths often utilize the Pitzer formalism [11] , we have not used this approach due to insufficient data to obtain the parameters.
The results indicate that the complexation of Th(IV) ion with citrate can increase the concentration of Th(IV) in the different ionic strengths of NaCl and NaC10 4 solutions, even at quite low concentrations (2X1CT 7 M).
